Abstract -This paper proposes a boost-input self-driven active clamp ZVS converter. The converter used the auxiliary winding of the transformer to drive the active clamp switch and to achieve asymmetrical duty control. The operation principle was presented and experimental results were used to verify the theoretical predictions. A 300W (15V/20A) prototype converter that only exhibited 2-turn winding number in the auxiliary winding was sufficient to drive the active clamp switch on the input voltage of 80V. Finally, the maximum efficiency of 91.2% was achieved for the prototype converter.
I. INTRODUCTION
In order to miniaturize the switching power supplies, the technology on high-frequency soft-switching converters has been widely discussed. The soft-switching converters solve the existing problems of high-switching losses of conventional PWM converters and high voltage and current stresses of conventional resonant converters [1] , [2] .
The boost-input active-clamp ZVS converter is one of the most attractive soft-switching converter topologies due to its zero voltage switching (ZVS) characteristic. This converter has the advantages of not only soft switching, but also noise reduction due to nonpulsating input and output currents [3] , [4] .
In the converter, the active clamp circuit, composed of the clamp switch and the clamp capacitor, is used to suppress voltage stress at the main switch. However, since the active clamp switch of the converter is floated, an extra circuit is required to drive this switch [5] . Furthermore, to perform the ZVS operation of this converter, an asymmetrical duty control method to fix dead time to a certain value should be applied. And to obtain the dead time between the main switch and clamp switches, time-delay circuits are required.
This paper proposes a boost-input self-driven active clamp ZVS converter with an asymmetrical duty control. This converter uses the auxiliary winding of the transformer to drive the active clamp switch and to achieve asymmetrical duty control. So, it is not required the extra circuit for driving the active clamp switch. The operating principles of the proposed converter are described in Section . In Section , a self-driven method for the active clamp switch was illustrated. Finally, by using a 300W prototype converter built, the performance of the proposed converter is verified in Section . Fig.1 shows the circuit diagram of the boost-input selfdriven active clamp ZVS converter proposed. In the figure, Q 1 and L i correspond to the main switch and input inductor respectively. The switch Q 2 and the capacitor C 1 form the active clamp circuit. N 1 and N a represent winding number of the primary and auxiliary wining of the transformer respectively. The coupled auxiliary winding was used to drive Q 2 instead of using an extra driving circuit. When two switches Q 1 and Q 2 are both off, the dead time is required to perform the ZVS operation of this converter by an asymmetrical duty control so that a simple RC circuit is added to obtain the dead time.
II. CIRCUIT DESCRIPTION AND OPERATION
A Boost-Input Self-Driven Active Clamp ZVS Converter The basic operation of this converter can be expressed as follows:
When Q 1 is turned off and Q 2 turned on, the input energy is transferred to the output through the transformer and the diode D 1 . At the same time a part of this energy is charged at the capacitance C 2 . When Q 2 is turned on and Q 2 turned off as a next operation mode, the energy charged at C 2 is transferred to the output through the transformer and the diode D 2 . Applying the volt second balance condition to the input inductor L i , the voltage at C 1 can be approximately obtained as follows:
Therefore, the voltage stress at Q 1 and Q 2 become V c1 as shown in Fig.2 .
In order to achieve ZVS operation in the converter, the dead time when two switch Q 1 and Q 2 are both off is required. In Fig.2 , there are two dead times. One is the corresponding to the time duration t 2 -t 1 and the other one is to the time duration t 5 -t 4 .
With these dead times, the ZVS operation of the converter can be achieved and the operation principle expressed as follows:
When Q 1 is turned off at t 1 , the parasitic output capacitor of Q 1 is charged from zero voltage to V i / (1-D) The another important point of achieving ZVS operation is that the dead time duration should maintain a fixed value [6] . But with a conventional symmetrical duty control method the dead time duration can be changed by duty ratio variation of the switches. To overcome this problem, an asymmetrical duty control method has been proposed. Applying the asymmetrical duty control method to the proposed converter, a simple RC circuit should be required in auxiliary winding for the switch Q 2. Fig.3 shows the self-driven signal waveform V gs2 with the associated waveforms. In the figure, V gs1 is the driving signal for the main switch Q 1 and V Na the auxiliary winding voltage. t d1 and t d2 show the dead times, and V tn the threshold voltage of MOSFET Q 2 . The auxiliary winding voltage V Na is directly proportional to the primary winding voltage and generates the driving voltage V gs2 through a simple RC circuit which is for obtaining the dead time. From the figure, the positive-going-edge of V gs2 is expressed by 2 1 ( )
III. SELF-DRIVEN METHOD FOR THE ACTIVE CLAMP SWITCH
where D is duty cycle of Q 1 and
C iss is the input capacitance of Q 2 .
Defining t d1 as the dead time on the positive-going-edge, V gs2 becomes V tn at t = t d1 . Thus, the following equation can be obtained from (2) 1 1 (
The auxiliary winding number N a , which becomes the key parameter of Q 2 to be self-driven, is determined from (4) as follows:
IV. EXPERIMENTAL RESULT Photograph of a 300W prototype of the boost-input selfdriven active clamp ZVS converter is shown in Fig.4 . The converter was designed with the parameter values given in Tab.1. Fig.4 . Photograph of a 300W prototype converter proposed. 
Auxiliary winding number N a can be calculated by (5) 
The calculated value of N a was 1.9-turn and it was finally chosen to be 2-turn as an integer value.
The experimental waveforms of V ds2 and V gs2 were shown in Fig.5 . The measured peak-to-peak values of V ds2 and V gs2 were about 110V and 20.5V respectively. The measured value of V ds2 is well coincide with the theoretical one of 111.1V. Fig.6 and Fig.7 show experimental waveforms of V gs1 and V gs2 respectively. In the figures, the result of Fig.6 shows the positive-going-edge point of V gs2 and the result of Fig.7 the negative-going-edge point of V gs2 . From the figures, t d1 was measured 0.125ȝV, which was close to the chosen value of 0.1ȝV. t d2 was measured 0.1ȝs. 8 shows the load regulation characteristics of the proposed converter. From the result, it can be seen that the proposed converter was well controlled even with the selfdriven active clamp circuit. And also, it can be seen that the 2-turn auxiliary winding number is sufficient to drive the active clamp switch. Finally, Fig.9 shows efficiency characteristic of the converter for the variation of load current. The maximum efficiency of 91.2% was obtained for the load current of 16A.
V. CONCLUSION A boost-input self-driven active ZVS converter was proposed. It featured a very simple self-driven circuit for the active clamp switch and eliminated the need for an extra drive circuit. It also made the converter more reliable. Because of these properties, the proposed converter is expected to find wide applications in dc power supply systems.
